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ABSTRACT : 

PROBLEM TO BE SOLVED: To provide a manufacturing equipment for a 
high-frequency electronic device, capable of making a large area film 
or large 

area etching with a wide excitation high frequency range from RF to 
VHF. 

SOLUTION: In a reaction chamber 6, an electrode (cathode 
electrode ) 1 for 

high-frequency excitation is set at the lower part of the chamber , 
and an 

oppositely faced electrode (anode electrode ) 2 is provided above the 
electrode 

1. The facing electrode (anode electrode ) 2 is connected to a ground 
9, and 

the electrode (cathode electrode ) 1 for high-frequency excitation is 
connected 

to a high-frequency power generator 4; A plasma generation space 3 0 
is formed 

in a space between the facing electrode (anode electrode) 2, and a 
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ceiling wall 

6c of the reaction chamber 6 and a substfrate 40 to be processed is 
inserted in 

the plasma generation space 30. 
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* NOTICES * 

* 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3 .In the drawings, any words are not translated. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention is plasma excitation chemical-vapor-deposition equipment (it is 
indicated as plasma-CVD equipment below.) used for the manufacture of semi-conductor thin films, 
such as a hydrogenation amorphous silicon (it is hereafter indicated as a-Si:H), or an insulator layer in 
electronic industry especially in more detail about an electron device manufacturing installation. It is 
related with an electron device manufacturing installation suitable as a plasma etching system used in 
order to process CVD:Chemical VaporDeposition or a semiconductor device, a liquid crystal display 
component, etc. 

[0002] As everyone knows, the plasma-CVD equipment which plasma-excites, decomposes material gas 
and deposits a thin film from a gaseous phase is used today. Or contrary to forming a component, the 
etching system which processes a semiconductor device, a liquid crystal display component, etc. is used. 
These are equipment which manufactures an electron device for a metal membrane / semi-conductor 
film / dielectric film, or a crystal wafer, and are made to call these an electron device manufacturing 
installation generically on these specifications. 
[0003] 

[Description of the Prior Art] In such an electron device manufacturing installation, current and its many 
are put in practical use by making a radio wave (called 13. 56MHz, RF, or RF HF) or microwave 
(2.45GHz, MW wave) into the excitation frequency of the power source for plasma production. 
[0004] The frequency domain in the middle of [ as an excitation frequency of the RF generator used 
from the energetic research in the latest plasma science on the other hand in order to generate the 
plasma ] the two above-mentioned person (for example, called about 1 00MHz and a high RF VHF 
band.) It is shown clearly that VHF:Very HighFrequency;30-300MHz has the features which were 
experimentally [ theoretically or ] suitable for manufacture of an electron device. The following are 
mentioned as an example of such reference. 

[0005] (a) "Frequency effects in silane plasmas for plasma enhancedchemical vapor 
deposition"! Vac. Sci.Technol.A 10(1 992) p.1080-1085 A.A.Howling and others(b)"A computational 
investigation of the RF plasma structuresand their production efficiency in the frequency range fromHF 
to VHF" Plasma SourcesSci.Technol.2(1993) p.40-45 T.Kitamura and others(c) M Frequency effects in 
processing plasmas of It is the VHF band'Tlasma SourcesSci.Technol.2 (1993) p.26-29S.Oda(d) JP,6- 
77144,A etc.. 

[0006] The point that a plasma consistency increases or is realized in proportion to the square of a 
frequency as features suitable for manufacture of an electron device by plasma potential with such a 
comparatively low high plasma consistency is mentioned. 

[0007] The former features mean that the rate of film deposition increases in proportion to the square of 
a frequency, if they are plasma-CVD equipment, and if they are plasma dry etching systems, they are 
that an etch rate increases in proportion to the square of a frequency. 

[0008] Moreover, the latter features are making it possible to stop low the damage ******** plasma 
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damage to the film or substrate by the ion kind in the plasma, though it is under such high-speed 

membrane formation and a high-speed etching condition. 

[0009] 

[Problem(s) to be Solved by the Invention] By the way, in an electronic industrial field which is called 
the so-called giant microelectronics, such as a solar battery, a liquid crystal display component, etc. 
using an a-Si:H (hydrogenation amorphous silicon) system thin film, the dimensions of the substrate 
itself are 40cm - 60cm and a long picture, and the reaction chamber which can process two or more 
substrates like a parenthesis at once is becoming indispensable for high-throughput-izing of equipment. 
Moreover, in order for semiconductor fabrication machines and equipment to also realize a high 
throughput, it is very important to process many substrates at once. 

[0010] Size of a reaction chamber is enlarged for such a reason, and it is important an equipment 
dimension, i.e., reaction space, and to more specifically enlarge the electrode dimension of the electrode 
for high-frequency excitation (generally downward cathode electrode) and a counterelectrode (generally 
upper anode electrode). 

[001 1] however, in what was indicated by the above-mentioned reference, reaction space is markedly 
boiled compared with the wavelength of the RF for plasma excitation currently used, and is small. That 
is, for example, reaction space is less than [ about 10cm and it ] to wavelength being set to 3m on the 
frequency of 1 00MHz. 

[0012] For this reason, in an electronic industrial field which is called giant microelectronics, the present 
condition is having come to realize a suitable electron device manufacturing installation by enlarging 
reaction space. 

[0013] according to this invention person's etc. view, it is considered to be based on the following 
reasons that reaction space is markedly boiled compared with the wavelength of the excitation power 
line period of a VHF band, and cannot be made small. 

[0014] That is, if reaction space becomes comparable as the wavelength of the excitation power line 
period of a VHF band, the electromagnetic wave generated by this begins to have a property as a wave 
which spreads reaction space, and as a result of the electromagnetic-like change of the reactor resulting 
from this causing generation of the structurally complicated plasma, the control of the plasma itself will 
be considered to become impossible. 

[0015] By the way, the approach of inserting the capacitative element for direct-current cutoff and the 
approach of adding the component for impedance adjustment to an electrode are learned as technique for 
trying control of the plasma generated by the RF of RF band. 

[0016] The approach of the former which inserts the capacitative element for direct-current cutoff is 
indicated by (e) M Glow DischargeProcesses fl John Wiley&Sons B(1980).Chapmann, for example. 
Moreover, the approach of the latter which adds the component for impedance adjustment is indicated 
by (f) JP,58-145100,A (g) JP,6-61185,A. 

[0017] In addition, in (e), the location which inserts the capacitative element for direct-current cutoff is 
usually outside the reactor which is separated from the electrode for high-frequency excitation 
(generally downward cathode electrode), and is two or more places of the electrode for high-frequency 
excitation (cathode electrode) by the approach indicated by JP,58-145100,A, and is between the 
counterelectrodes (anode electrode) and the touch-down potentials which counter with the electrode for 
high-frequency excitation (cathode electrode) by the approach indicated by JP,6-61 185, A. 
[0018] However, such technique remains for the ability applying to what aimed at control of the plasma 
production on condition of use of the RF of RF band, and when it applies to the electron device 
manufacturing installation using the RF of a VHF band, it cannot solve the above-mentioned technical 
problem. The reason is explained below. 

[0019] Now, in the so-called capacity-coupling type of an parallel monotonous mold of electronic 
DEBASU manufacturing installation, reaction space or an electrode dimension explains [ the electrode 
for high-frequency excitation (cathode electrode), and a counterelectrode (anode electrode) ] taking the 
case of the large-sized equipment around lm. 

[0020] Drawing 5 is the sectional view showing the outline configuration of such a large-sized electron 
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device manufacturing installation. The counterelectrode which 2 sets [ as opposed to / in 1 / the 
electrode 1 for high-frequency excitation (cathode electrode) ] predetermined spacing, and counters in 
parallel in drawing 5 as opposed to the electrode for high-frequency excitation (cathode electrode) 
(anode electrode), The high-frequency power generation source to which 3 carries out two electrodes 1 
and plasma generating space between two (inter-electrode space), and 4 carries out high-frequency 
excitation of the electrode 1 for high-frequency excitation (cathode electrode), The capacitative element 
for direct-current cutoff which consists of a capacitor by which 5 was inserted in the serial between the 
high-frequency power generation source 4 and the electrode 1 for high-frequency excitation (cathode 
electrode), 6 is the gas inlet where a wrap reaction chamber and 7 had the capacitative element 5 for 
direct-current cutoff, and the high-frequency power generation source 4 formed in wrap casing, and 8 
was formed in the upper part of side-attachment-wall 6a of a reaction chamber 6 in two electrodes 1 and 
2. It is combined in [ a reaction chamber 6 and casing 7 ] airtight, and bottom wall 6b of a reaction 
chamber 6 is connected to the gland 9. It connects in direct current to reaction chamber side-attachment- 
wall 6a, and as a result, a counterelectrode (anode electrode) 2 is connected to a gland 9, and the 
counterelectrode (anode electrode) 2 in the upper part serves as touch-down potential. 
[0021] The substrate 40 which is a processing object is inserted in the plasma generating space 3 
between the electrode 1 for high-frequency excitation (cathode electrode), and a counterelectrode (anode 
electrode) 2, ingredient gas is supplied in a reaction chamber 6 from a gas inlet 8, the high-frequency 
power generation source 4 is driven, and high-frequency power is impressed through the capacitative 
element 5 for direct-current cutoff between the electrode 1 for high-frequency excitation (cathode 
electrode), and a counterelectrode (anode electrode) 2. By this, the plasma is generated in two electrodes 
1 and the plasma generating space 3 between two, plasma dissociation to ingredient gas is performed, if 
it is in plasma-CVD equipment, a thin film is deposited, or if it is in a plasma dry etching system, it 
etches. 

[0022] When the frequency of an excitation RF is in RF band, it can be considered that the impedance 
between two electrodes 1 and 2 is a capacity component. In this case, the plasma is generated in two 
electrodes 1 and the plasma generating space 3 between two, and usual membrane formation and usual 
etching are possible. 

[0023] However, an excitation RF will come to be tinctured with the property of the electromagnetic 
wave to spread if a frequency becomes a VHF band, therefore, the conductor which encloses the plasma 
generating space 3 - stray capacity CF which a group comes to have an induction component 
(inductance component (LG)) equivalent, and the electrode 1 for high-frequency excitation (cathode 
electrode) has between the configuration walls of a reaction chamber 6 In between, a parallel resonance 
phenomenon will arise in a certain frequency. 

[0024] In this case, since the impedance between two electrodes 1 and 2 becomes very large and it 
becomes being the same as that of the space which spreads to infinity equivalent, in two electrodes 1 and 
the plasma generating space 3 between two, generation of the plasma becomes difficult. That is, the 
plasma generating space 3 will be "no longer plasma generating space." In this case, suppose that the 
space between two electrodes 1 and 2 is called "inter-electrode space." 

[0025] Although it will be necessary to control the impedance of the electrode 1 for high-frequency 
excitation to a touch-down potential part (cathode electrode) in order to cope with this problem, by the 
approach of inserting the capacitative element for direct-current cutoff which is the conventional control 
approach, or the approach given in JP,58-145100,A or JP,6-61 185, A, correspondence is difficult. 
[0026] That is, although the capacitative element 7 for direct-current cutoff which consists of a capacitor 
is inserted, since it is inserted in the high-frequency power generation source 4 and the serial, in view of 
the electrode 1 for high-frequency excitation (cathode electrode), control of the stray capacity value 
which poses a problem now cannot be performed. 

[0027] Moreover, by the approach of JP,58-145100,A, the impedance of the electrode 1 for high- 
frequency excitation (cathode electrode) and an external circuit does not change in essence. 
[0028] Moreover, since the component for impedance adjustment is attached in a counterelectrode 
(anode electrode) 2 side, the impedance of the electrode 1 for high-frequency excitation (cathode 
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electrode) is uncontrollable by the approach given in JP,6-61 185,A. 

[0029] If propagation of the RF of a VHF band is considered in the plasma-CVD equipment shown in 

drawing 5 when it explains now somewhat concretely, it is stray capacity CF. For [C/V=F], it is mainly 

generated under the electrode 1 for high-frequency excitation (cathode electrode), and the inter-electrode 

space 3 between the electrode 1 for high-frequency excitation (cathode electrode) and a counterelectrode 

(anode electrode) 2 is an inductance LG equivalent. It becomes [Wb/A=H]. 

[0030] Here, it is stray capacity CF. It is given by following the (2) formula. 

[0031] 

[Equation 2] 
Si 



(2) 



c : lift* [C/V - m] 

s , : mmmm&mmm (*v- k*«) <t«i^s 
d : ^m&mi&mmm cav- kis) £*tfas 

m (7/-KSS) <DttfiW®&& [m] 



[0032] Inductance LG In single ******** approximation, it is given by following the (3) formula. 

[0033] 

[Equation 3] 

A . 2 71 f • S2 

A tan 

L 9 (3) 

2 n f 



fcfcL 



f : atag^ao^aa [ 1 / ■] 

S 2 : V«M£HCDC_E£fta«3 [m] 

c : jfcS* Cm/ s] 



[0034] Moreover,. the above-mentioned A is a constant expressed with following the (4) type, 
[0035] 
[Equation 4] 

d 

U> 



A = 
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W : Sig [m] 

U : [Wb/A] 
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[0036] Here, it is stray capacity CF so that drawing 5 may show. Inductance LG Since it is in a parallel 
connection condition between the electrode 1 for high-frequency excitation (cathode electrode), and a 
touch-down part, the equal circuit is stray capacity CF. Inductance LG Resonance frequency fO as which 
it becomes a parallel resonant circuit and a frequency f is expressed in following the (5) type Namely, 
[0037] 
[Equation 5] 



2 n /Lq • C p 

[0038] ************ fO When becoming, it will be in a parallel resonance condition and the impedance 
of two electrodes 1 and the inter-electrode space 3 between two will serve as infinity. 
[0039] That is, the frequency f of the excitation RF to be used is this parallel resonating frequency fO. 
When it is above, the plasma production between two electrodes 1 and 2 cannot be expected. Therefore, 
film deposition does not take place to the substrate installed in two electrodes 1 and the inter-electrode 
space 3 between two. 

[0040] When enlarging an equipment dimension, i.e., reaction space, for the above reason in the electron 
device manufacturing installation using the high frequency of the conventional VHF band, there was 
constraint. For this reason, the mass-production nature of an electron device was not able to be 
improved. 

[0041] This invention is made in view of such the present condition. As a frequency for plasma 
excitation power sources Reaction space can be enlarged also when using the RF of a VHF band, since a 
plasma consistency has highly (**f2) the advantage that the rate of film deposition or etching also 
becomes quick (**f2) although a frequency is high therefore. In an electronic industrial field which is 
called the so-called giant microelectronics, such as a solar battery using an a-Si:H (hydrogenation 
amorphous silicon) system thin film, and a liquid crystal display component, as a result it aims at 
offering the electron device manufacturing installation which can boil the mass-production nature of 
these electron devices markedly, and can improve. 

[0042] Though it is under high-speed membrane formation and a high-speed etching condition, other 
purposes of this invention can stop low the damage ******** plasma damage of the film by the ion kind 
in the plasma, or a substrate, and are to offer the electron device manufacturing installation which can 
improve the quality of an electron device. 
[0043] 

[Means for Solving the Problem] The electron device manufacturing installation concerning this 
invention introduces the gas for a reaction, such as etching gas for processing the ingredient gas or the 
substrate for making a thin film semiconductor etc. deposit into a substrate, in a reaction chamber with a 
gas installation means. It is made to raise high-frequency power by driving a high-frequency power 
generating means in the counterelectrode (anode electrode upper with the gestalt of operation mentioned 
later) which counters the electrode for high-frequency excitation (the gestalt of operation mentioned 
later downward cathode electrode) and this electrode for high-frequency excitation of series connection. 
The introduced gas for a reaction is understood by the plasma. At this time, the frequency of the 
excitation RF of a high-frequency power generating means may be set as a VHF band or RF band. 
[0044] these people already perform the proposal which devised the solution in such an electron device 
manufacturing installation --**** (refer to Japanese Patent Application No. No. 305359 [ eight to ]) - 
here, another solution proposal is shown. 

[0045] That is, it constitutes so that the space between the reaction chamber opposite wall surfaces (the 
gestalt of operation reaction chamber head-lining wall) which counter a counterelectrode (anode 
electrode upper with the gestalt of operation) and this counterelectrode may be used as plasma 
generating space. Therefore, if it is in this invention, let space between a counterelectrode (anode 
electrode) and a reaction chamber opposite wall surface (reaction chamber head-lining wall) be plasma 
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generating space. Thereby, the above-mentioned purpose is attained. 

[0046] And the substrate which performs thin film deposition or processing shall be inserted in the 
plasma generating space between the reaction chamber opposite wall surfaces (the gestalt of operation 
reaction chamber head-lining wall) which counter a counterelectrode (anode electrode upper with the 
gestalt of operation), and this counterelectrode. 

[0047] Moreover, a counterelectrode (anode electrode upper with the gestalt of operation) is preferably 
fixed with the structure which consists of a dielectric to the electrode for high-frequency excitation (the 
gestalt of operation downward cathode electrode), or a reaction chamber wall surface. 
[0048] Moreover, it is [ desirable / the electrode for high-frequency excitation (the gestalt of operation 
downward cathode electrode) or this electrode for high-frequency excitation, and ] stray capacity CF to 
the part which has the part which is in same electric potential in direct current in a reaction chamber wall 
surface or touch-down potential. The component for impedance adjustment is inserted in the location 
which becomes parallel connection. 

[0049] Moreover, it is said stray capacity CF which exists the component for impedance adjustment 
equivalent in the frequency of the excitation RF of the electrode for high-frequency excitation (the 
gestalt of operation downward cathode electrode) preferably. It receives and inserts in the part it can be 
considered in this frequency that is juxtaposition equivalent. 

[0050] Moreover, it is capacity CC about the component for impedance adjustment preferably. It carries 
out and is stray capacity CF about this capacity CC. It receives, and magnitude C of a whole capacity 
when carrying out parallel connection is set up so that the conditions of following the (6) type may be 



Tz Tz L , 

x • R M W 



[0052] Below, an operation of this invention is explained. 

[0053] Generally, when the frequency f of an excitation RF rises, all conductors begin to have a capacity 
component to a touch-down part. That is, it is possible that a capacity component arises and a stray 
capacity component changes also by the part which was able to be disregarded in direct current in the 
case of disregard or RF band RF. For this reason, when a frequency changes, in consideration of the 
newly produced stray capacity component, it will be necessary to catch a parallel resonance 
phenomenon. Moreover, inductance LG Since it is expressed in periodic fiinction to a frequency as 
mentioned above (refer to (3) types; expressed by the tangent), a parallel resonance phenomenon is 
produced on many frequencies. For example, when a parallel resonance phenomenon arises in 40MHz, 
80MHz, 120MHz, or at least 160MHz of parallel resonance phenomena arise. 
[0054] However, if it takes into consideration that an equipment dimension (reaction space) is around 



fulfilled. 
[0051] 
[Equation 6] 



C > 



L G ( 2 n f ) 2 



(6) 
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lm when actually considering membrane formation of the solar battery for power by plasma-CVD 
equipment etc., when using the RF of a VHF band, it is the low degree fO, i.e., the primary parallel 
resonating frequency, most. It becomes a problem, for example, the case where an equipment dimension 
is 1.6m angle (1.6mxl.6m) — inductance LG about 0.02-0.05 microhenries — becoming — stray capacity 
CF several 100- the value of thousands of pF — taking — primary parallel resonating frequency fO It is 
about set to 40-100MHz. In addition, this primary parallel resonating frequency fO It goes into the VHF 
band (30-300MHz). 

[0055] This invention does not tend to generate the plasma in the inter-electrode space between the 
electrode for high-frequency excitation (the gestalt of operation downward cathode electrode), and a 
counterelectrode (anode electrode upper with the gestalt of operation). Since the frequency of an 
excitation RF became a VHF band, it comes to be tinctured with the property of the electromagnetic 
wave which an excitation RF spreads. As the result It is going to use the phenomenon which the plasma 
comes to produce between the reaction chamber opposite wall surfaces (the gestalt of operation reaction 
chamber head-lining wall) which counter a counterelectrode (anode electrode) and this counterelectrode. 

[0056] In such a case, in order to make the space between a counterelectrode (anode electrode) and a 
reaction chamber opposite wall surface (reaction chamber head-lining wall) generate the plasma and to 
use this space as plasma generating space if it puts in another way, it is the primary parallel resonating 
frequency fO. Setting to a low frequency side is more desirable than the frequency band of an excitation 
RF. 

[0057] And in order to satisfy this condition, it is the capacity CC for impedance adjustment. Stray 
capacity CF It is necessary to set up the magnitude of the whole capacity C when carrying out parallel 
connection as follows. 

[0058] That is, it is [0059], when the above-mentioned (5) formula is transformed and the equal sign is 
rewritten at a greater than sign. 
[Equation 7] 

1 

u< — , < 7) 

2 n / Lq * C p 

[0060] It is [0061] when this is transformed. 
[Equation 8] 

1 

F L G ( 2 n f ) 2 
[0062] It becomes. 

[0063] Here, it is CF. Capacity CC for impedance adjustment by which parallel connection was carried 
out instead Stray capacity CF The whole capacity C is used. The whole capacity C is [0064]. 
[Equation 9] 

C = C F + C c (9) 

[0065] Although it comes out, it is CF of (8) types. It transposes to C and is [0066]. 
[Equation 10] 

1 

L G ( 2 n f ) 2 

[0067] ** - it is necessary to set up like 

[0068] This (10) type is the same as (1) type in a claim. 

[0069] It is stray capacity CF so that it may specifically explain in drawing 3 concerning the gestalt 2 of 
operation as an example later. It receives and is the capacity CC for impedance adjustment. When it 
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inserts in juxtaposition, it is a parallel resonating frequency fO. It is expressed with following the (1 1) 

type. 

[0070] 

[Equation 1 1 ] 

f Q = 1 ••••• (11) 

2 n\ Lq ( C F + C C ) 

[0071] Therefore, it is the primary parallel resonating frequency fO from the frequency of an excitation 
RF. It is the capacity value CC of the component for impedance adjustment so that it may become low. 
If it selects, the plasma can be made to generate good in the plasma generating space between a 
counterelectrode (anode electrode) and a reaction chamber opposite wall surface (reaction chamber 
head-lining wall). 

[0072] moreover , capacity CC of the component for impedance adjustment though it be under high- 
speed membrane formation and a high-speed etching condition by define suitably a value and the 
frequency f of the excitation high frequency of the high-frequency power generation source 4 , it can be 
possible to stop low the damage ******** plasma damage of the film by the ion kind in a plasma or a 
substrate , and the quality of an electron device can be improve . 
[0073] 

[Embodiment of the Invention] Hereafter, the gestalt of concrete operation of the electron device 
manufacturing installation concerning this invention is explained to a detail based on a drawing. 
[0074] (Gestalt 1 of operation) Drawing 1 is the sectional view showing the outline configuration of the 
electron device manufacturing installation concerning the gestalt 1 of operation of this invention. This 
electron device manufacturing installation is used as plasma-CVD equipment. 
[0075] As shown in drawing 1 , the electrode 1 for high-frequency excitation (cathode electrode) is 
arranged in the lower part in the reaction chamber 6 which makes the shape of a cross-section rectangle, 
and the counterelectrode (anode electrode) 2 is arranged in the condition of countering in parallel above 
the electrode 1 for high-frequency excitation (cathode electrode). 

[0076] Opening of the center section of the longitudinal direction of reaction chamber bottom wall 6b is 
carried out, and the caudad frequency adjustable high-frequency power generation, source 4 of this 
opening is arranged. The capacitative element 5 (electrostatic capacity CB) for direct-current cutoff 
which consists of a capacitor between the high-frequency power generation source 4 and the electrode 1 
for high-frequency excitation (cathode electrode) is connected to the serial. The capacitative element 5 
for direct-current cutoff is covered with the casing 7 which consists of a conductor, and this casing 7 has 
prevented leaking out of equipment [ electromagnetic wave ]. A reaction chamber 6, casing 7, and the 
high-frequency power generation source 4 are connected with touch-down potential. In addition, it 
changes an upper part into a reduced pressure condition from the broken line shown in the capacitative 
element 5 bottom for direct-current cutoff, and the downward part is in the condition of atmospheric 
pressure. Casing 7 points out a downward part from said broken line. 

4®iiS^R ea ction chamber bottom wall 6b is connected to the gland 9. It connects in direct current to 
reaction chamber side-attachment-wall 6a, and as a result, a counterelectrode (anode electrode) 2 is 
connected to a gland 9, and the counterelectrode (anode electrode) 2 in the upper part serves as touch- 
down potential (grand level). 

[0078] Moreover, opening of the gas inlet 8 is carried out to the part of the up approach of side- 
attachment- wall 6a of a reaction chamber 6, and ingredient gas is introduced in a reaction chamber 6 
through this gas inlet 8. There is dilution gas besides material gas as ingredient gas. 
[0079] Moreover, if it is in this plasma-CVD equipment, the space 30 between a counterelectrode 
(anode electrode) 2 and head-lining wall 6c of a reaction chamber 6 consists of greatly inter-electrode 
space 3 between a counterelectrode (anode electrode) 2 and the electrode 1 for high-frequency excitation 
(cathode electrode), and this space 30 is the plasma generating space 30. Therefore, the substrate 40 
which is the processing object of thin film deposition is inserted to the plasma generating space 30 
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between this counterelectrode (anode electrode) 2 and reaction chamber head-lining wall 6c. 

[0080] In addition, in the case of the gestalt 1 of this operation, two electrodes 1 and the inter-electrode 

space 3 between two are spatially connected to the upper plasma generating space 30. 

[008 1 ] Here, if an example of an equipment dimension is explained, in the electrode surface and the 

parallel cross section, the dimension of a reaction chamber 6 is 1.6mxl.6m. The dimension of the 

electrode 1 for high-frequency excitation (cathode electrode) and a counterelectrode (anode electrode) 2 

is 70cm angle. The distance between opposed faces of 50mm, a counterelectrode (anode electrode) 2, 

and reaction chamber head-lining wall 6c of the distance between opposed faces of the electrode 1 for 

high-frequency excitation (cathode electrode) and a counterelectrode (anode electrode) 2 is 90mm. 

Moreover, stray capacity CF formed between the electrode 1 for high-frequency excitation (cathode 

electrode), and reaction chamber bottom wall 6b The value is 800pF. 

[0082] Moreover, as a high-frequency power generation source 4, the RF generator and the matching 
circuit are attached and the serial variable capacitor (20-1000pF) in a matching circuit is used as a 
capacitor which constitutes the capacitative element 5 (electrostatic capacity CB) for direct-current 
cutoff. 

[0083] The mixed gas of a silane and hydrogen is used as ingredient gas supplied from a gas inlet 8. 
[0084] The substrate 40 which is a processing object is inserted in the plasma generating space 30 
between a counterelectrode (anode electrode) 2 and reaction chamber head-lining wall 6c, ingredient gas 
is supplied in a reaction chamber 6 from a gas inlet 8, the high-frequency power generation source 4 is 
driven, and high-frequency power is impressed to the electrode 1 for high-frequency excitation (cathode 
electrode) through the capacitative element 5 for direct-current cutoff. If the frequency f of an excitation 
RF is set as the VHF band at this time, it comes to be tinctured with the property of the electromagnetic 
wave which an excitation RF spreads, and by this, the plasma will be generated in the plasma generating 
space 30 between a counterelectrode (anode electrode) 2 and reaction chamber head-lining wall 6c, 
plasma dissociation to ingredient gas will be performed, and a thin film will be deposited to a substrate 
40. 

[0085] In addition, in the inter-electrode space 3 between a counterelectrode (anode electrode) 2 and the 
electrode 1 for high-frequency excitation (cathode electrode), the plasma hardly occurs. 
[0086] Drawing 2 shows frequency dependent [ of magnitude \Z\ of the impedance of a before / a 
counterelectrode (anode electrode) 2 / from the electrode 1 for high-frequency excitation in the plasma- 
CVD equipment of the gestalt 1 of this operation shown in drawing 1 (cathode electrode) ]. 
[0087] It is the primary parallel resonating frequency fO in the place whose frequency f of an excitation 
RF is about 45MHz as shown in this drawing. The parallel resonance phenomenon to depend is 
observed. For this reason, when high-frequency power was actually introduced in equipment from the 
frequency adjustable high-frequency power generation source 4, a frequency did not generate the plasma 
above 40MHz in the inter-electrode space 3 between a counterelectrode (anode electrode) 2 and the 
electrode 1 for high-frequency excitation (cathode electrode), but the plasma generated in the plasma 
generating space 30 between the upper counterelectrode (anode electrode) 2 and reaction chamber head- 
lining wall 6c. 

[0088] Therefore, primary parallel resonating frequency fO On the above frequency, conventionally 
which inserts a substrate in the inter-electrode space 3, with equipment, since the substrate 40 is inserted 
in the substrate with the plasma-CVD equipment of the gestalt 1 of this operation to the ability not to 
cause film deposition in the upper plasma generating space 30, film deposition in a substrate 40 is 
attained. 

[0089] Thus, according to the plasma-CVD equipment of the gestalt 1 of this operation, it is the primary 
parallel resonating frequency fO. That is, generation of the plasma is attained in spite of being parallel 
monotonous mold large-sized equipment before and behind electrode dimension the angle of lm, even if 
it is in the VHF band of frequency band about 45 MHz or more. Therefore, RF-izing of the excitation RF 
electromagnetic field in fields, such as a solar battery and a liquid crystal display component, and large 
area-ization of a membrane formation substrate can be attained. 

[0090] In addition, although the above-mentioned explanation explained the case where the electron 
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device manufacturing installation concerning this invention was applied to plasma-CVD equipment, it 
can apply also about the plasma dry etching system into which plasma particles and the active species by 
plasma excitation etch the film, and the same effectiveness as the above can be done so. 
[0091] Moreover, although the electrode 1 located caudad was used as the electrode for high-frequency 
excitation (cathode electrode) in the gestalt 1 of the above-mentioned operation, and it connected with 
the high-frequency power generation source 4 and connected with touch-down potential by using as a 
counterelectrode (anode electrode) the electrode 2 located up This invention is not limited to this, may 
connect to the high-frequency power generation source 4 the electrode 2 located up, and may connect to 
touch-down potential the electrode 1 located caudad. In this case, the electrode 2 connected to the high- 
frequency power generation source 4 is called the electrode for high-frequency excitation (cathode 
electrode), this serves as an electrode for high-frequency excitation, the electrode 1 connected to touch- 
down potential is called a counterelectrode (anode electrode), and this serves as a counterelectrode. 
Furthermore, in addition, or or the cathode electrode called an anode electrode in which electrode is 
arbitrary. 

[0092] (Gestalt 2 of operation) Drawing 3 is the sectional view showing the outline configuration of the 
electron device manufacturing installation concerning the gestalt 2 of operation of this invention. The 
sign same about the part which is common in drawing 1 which also applies the electron device 
manufacturing installation of the gestalt 2 of this operation to plasma-CVD equipment, and it requires 
for the gestalt 1 of operation is attached, and it omits about concrete explanation. 
[0093] In the gestalt 2 of this operation, only the following points differ in the gestalt 1 of the above- 
mentioned implementation. That is, it is the stray capacity CF of the electrode 1 for high-frequency 
excitation (cathode electrode) about the component 10 (electrostatic capacity CC) for impedance 
adjustment which becomes the inferior surface of tongue of the electrode 1 for high-frequency excitation 
(cathode electrode) from a capacitor as shown in drawing 3 . The configuration inserted in juxtaposition 
is taken. 

[0094] Electrostatic capacity CC of the component 10 for impedance adjustment at this time The value 
is set as 2000pF. 

[0095] (9) types are used for the above-mentioned (11) types, and they are [0096]. 
[Equation 12] 



2 n\ L G • C 
[0097] It is rewritten. 

[0098] (a) They are 40MHz and an inductance LG about the frequency f of the excitation RF of the * 
high-frequency power generation source 4. It may be 0.02 microhenries. Stray capacity CF between the 
electrode 1 for high-frequency excitation (cathode electrode), and a gland 9 It may be 800pF. (6) The 
left part of a formula is [0099] from (9) types. 
[Equation 13] 

C=28xl0" 10 [ F] <13) 

[0100] (6) The right-hand side of a formula, i.e., (10) types, is about 7.9x10-10. It is set to [F] and is 

[0101]. 

[Equation 14] 

C = 2 8 x 1 0" 1 ° > 7 . 9 x 1 0" 1 ° CU) 

[0102] To be sure, (6) types and (10) types are filled. At this time, it is [0103] from (11) types. 
[Equation 15] 

f 0 ^ 2 1 . 3 [MHz] <40 [MH z ] = f (15) 

[0104] A next door and primary parallel resonating frequency fO It is low and generation of the plasma 
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in the plasma generating space 30 is more possible than the frequency of f= 40MHz of an excitation RF. 
[0105] (b) Moreover, inductance LG When referred to as 0.05 microhenries, the right-hand side of (6) 
types, i.e., (10) types, is about 3.2x10-10. It is set to [F] and is [0106]. 
[Equation 16] 

C = 2 8 x 1 0~ 1 ° > 3 . 2 x 1 0~ 1 ° (l6) 

[0107] To be sure, (6) types and (10) types are filled. At this time, it is [0108] from (11) types. 
[Equation 17] 

f 0 - 1 3 . 5 [MHz] < 4 0 [MH z ] = f (IT) 

[0109] A next door and primary parallel resonating frequency fO It is low and generation of the plasma 
in the plasma generating space 30 is more possible than the frequency of f== 40MHz of an excitation RF. 
[0110] (c) Next, calculate the frequency f of the excitation RF of the high-frequency power generation 
source 4 as 1 00MHz. 

[01 1 1] The right-hand side of (10) types is about 0.63x10-10 at the time of inductance LG 
=0.02microhenry. It is set to [F] and is [01 12]. 
[Equation 18] 

C = 28xl0" 10 >0. 63x10" 10 (18) 

[0113] To be sure, (6) types and (10) types are filled. At this time, it is [01 14] from (1 1) types. 
[Equation 19] 

f 0 -21.3 [MHz] <100 [MHz]=f— <19> 

[01 1 5] A next door and primary parallel resonating frequency fO It is low and generation of the plasma 
in the plasma generating space 30 is more possible than the frequency of f= 100MHz of an excitation 
RF. 

[0116] (d) Moreover, the right-hand side of (10) types is about 0.13x10-10 at the time of inductance LG 
=0.05microhenry. It is set to [F] and is [0117]. 
[Equation 20] 

C - 2 8 x 1 0~ 1 ° > 0 . 1 3 x 1 0" 1 ° (20) 

[01 1 8] To be sure, (1 0) types are filled. At this time, it is [0119] from (11) types. 
[Equation 2 1 ] 

f 0 1 3.5 [MHz] < 1 0 0 [MHz] = f (20 

[0120] A next door and parallel resonating frequency fO It is low and generation of the plasma in the 
plasma generating space 30 is more possible than the frequency of f= 100MHz of an excitation RF. 
[0121] When high-frequency power was actually introduced in equipment from the frequency adjustable 
high-frequency power generation source 4, generation of the plasma in the plasma generating space 30 
was possible on the frequency of 27-100MHz. 30-300MHz is a VHF band, and 30MHz or less 27- 
30MHz becomes RF band. 

[0122] In addition, capacity CC of the component 10 for impedance adjustment If a value is set up 
suitably, it will be the primary parallel resonating, frequency fO. It becomes possible to set up even RF 
band (nearly 10MHz) easily. 

[0123] Thus, according to the plasma-CVD equipment of the gestalt 2 of this operation, it is the primary 
parallel resonating frequency fO. Since it can set to a low frequency side easily from the frequency band 
of an excitation RF, excitation of the RF of all the fields from RF band to a VHF band can be enabled. 
[0124] As mentioned above, also in the plasma-CVD equipment of the gestalt 2 of this operation, the 
same effectiveness as the case of the gestalt 1 of the above-mentioned implementation can be done so. In 
addition, most, when using it with RF band, the effectiveness of high-speed membrane formation and 
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highspeed etching can seldom be expected. 

[0125] In addition, although the capacitor constitutes the component 10 (electrostatic capacity CC) for 
impedance adjustment from the gestalt 2 of this operation, control of a parallel resonating frequency is 
possible also except a capacitor. 

[0126] For example, it can attain also by inserting a dielectric between the electrode 1 for high- 
frequency excitation (cathode electrode), and reaction chamber bottom wall 6b. That is, it is because it is 
equivalent to inserting the component 10 (electrostatic capacity CC) for impedance adjustment as a RF 
also in this case. The inductance of the dielectric in this case is LC =1-/CC equivalent. It becomes. 
According to the gestalt of implementation of this deformation, it is effective especially when the space 
which can insert a capacitor does not exist in the perimeter of the electrode 1 for high-frequency 
excitation (cathode electrode). It is because it is easy to insert the dielectric rather than a capacitor. 
[0127] Moreover, although the above-mentioned explanation explained the case where the electron 
device manufacturing installation concerning this invention was applied to plasma-CVD equipment, it 
can apply also about the plasma dry etching system into which plasma particles and the active species by 
plasma excitation etch the film, and the same effectiveness as the above can be done so. 
[0128] Moreover, also in the gestalt 2 of the above-mentioned operation, the electrode 2 in the gestalt 1 
of operation which is written in addition and which is located up may be connected to the high- 
frequency power generation source 4 like, and the electrode 1 located caudad may be connected to 
touch-down potential. 

[0129] (Gestalt 3 of operation) Drawing 4 is the sectional view showing the outline configuration of the 
electron device manufacturing installation concerning the gestalt 3 of operation of this invention. The 
electron device manufacturing installation of the gestalt 3 of this operation is also applied to plasma- 
CVD equipment, and only the following points differ in the gestalten 1 and 2 of the above-mentioned 
implementation. 

[0130] Namely, although the counterelectrode (anode electrode) 2 is electrically grounded by reaction 
chamber side-attachment- wall 6a and the potential serves as a grand level with the gestalten 1 and 2 of 
operation As shown in drawing 4 , with the gestalt 3 of this operation, between the electrode 1 for high- 
frequency excitation (cathode electrode), and a counterelectrode (anode electrode) 2 50mm in thickness 
Since the dielectric 1 1 (refer to hatching of a dotted line) of specific inductive capacity 3.0 [non 
dimension] is inserted and the counterelectrode (anode electrode) 2 is fixed to the electrode ! for high- 
frequency excitation (cathode electrode), it is not grounded. In addition, the same sign is attached about 
the part which is common in the gestalten 1 and 2 of operation, and it omits about concrete explanation. 
[0131] Since space does not exist between the electrode 1 for high-frequency excitation (cathode 
electrode), and a counterelectrode (anode electrode) 2, although the effectiveness (power consumed by 
the plasma; high-frequency power introduced from the high-frequency power generation source 4) of 
plasma production falls with the gestalt 3 of this operation, it is the primary parallel resonating 
frequency fO. The plasma production in the plasma generating space 30 becomes possible also on the 
following frequencies. When high-frequency power was actually introduced in equipment from the 
frequency adjustable high-frequency power generation source 4, generation of the plasma in the plasma 
generating space 30 was possible on the frequency of 10-100MHz. 

[0132] Therefore, it sets to the plasma-CVD equipment of the gestalt 3 of this operation, and is the 
primary parallel resonating frequency fO. The same effectiveness as the case of the gestalt 1 of the 
above-mentioned implementation can be done so also with the frequency band of the following 
excitation RFs. 

[0133] In addition, since the inter-electrode space 3 between the electrode 1 for high-frequency 
excitation (cathode electrode) and a counterelectrode (anode electrode) 2 is filled with the dielectric 1 1 , 
Although this inter-electrode space 3 does not exist (it is a solid), therefore a substrate 40 cannot be 
inserted in this inter-electrode space 3 What is necessary is not to insert a substrate 40 in the location 
and just to insert a substrate 40 in the plasma generating space 30 between a counterelectrode (anode 
electrode) 2 and reaction chamber head-lining wall 6c. 

[0134] In addition, in fixing a counterelectrode (anode electrode upper with the gestalt of operation) 2 
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through a dielectric 1 1 , it may replace with fixing to the electrode 1 for high-frequency excitation 
(cathode electrode), and a counterelectrode (anode electrode) 2 may be fixed through a dielectric 1 1 to 
the wall surface of a reaction chamber 6. 

[0135] Moreover, although the above-mentioned explanation explained the case where the electron 
device manufacturing installation concerning this invention was applied to plasma-CVD equipment, it 
can apply also about the plasma dry etching system into which plasma particles and the active species by 
plasma excitation etch the film, and the same effectiveness as the above can be done so. 
[0136] Moreover, also in the gestalt 2 of the above-mentioned operation, the electrode 2 in the gestalt 1 
of operation which is written in addition and which is located up may be connected to the high- 
frequency power generation source 4 like, and the electrode 1 located caudad may be connected to 
touch-down potential. 

[0137] in addition, the above — also in the gestalt of which operation, it is very good in the configuration 
which arranges the pair of the electrode 1 for high-frequency excitation (cathode electrode), and a 
counterelectrode (anode electrode upper with the gestalt of operation) 2 in two or more pairs and the 
same reaction chamber 6. 

[0138] moreover, the above — stray capacity CF set as the object of an idea also in the gestalt of which 
operation It regards as stray capacity to the part which has the electrode 1 for high-frequency excitation 
(cathode electrode) in the wall surface or touch-down potential of a reaction chamber 6, and also you 
may regard as stray capacity to the part which has the electrode 1 for high-frequency excitation (cathode 
electrode), and the part which is in same electric potential in direct current in the wall surface or the 
touch-down potential of a reaction chamber 6. 

[0139] moreover, the above — said stray capacity CF in which the capacity 10 for impedance adjustment 
exists equivalent also in the gestalt of which operation in the frequency of the excitation RF of the 
electrode 1 for high-frequency excitation (cathode electrode) the part it receives and it can be considered 
in this frequency that is juxtaposition equivalent — also inserting — it is the same. 
[0140] 

[Effect of the Invention] According to the electron device manufacturing installation concerning this 
invention, the following effectiveness is done so. 

[0141] Since the frequency of the excitation RF more than a parallel resonating frequency can be used, 
in the large frequency range ranging from RF band to a VHF band, the plasma production in parallel 
monotonous mold large-sized equipment (for example, before or after 1m angle) with a comparatively 
big electrode dimension becomes possible. Therefore, the place which enables RF-izing of the excitation 
RF electromagnetic field in the field of giant microelectronics, such as a solar battery and a liquid crystal 
display component, and large area-ization of a membrane formation substrate, and contributes to the 
upgrading industrially is large. Moreover, the manufacture effectiveness can be improved by leaps and 
bounds. 

[0142] Moreover, though it is under high-speed membrane formation and a high-speed etching 
condition, the damage ******** plasma damage of the film by the ion kind in the plasma or a substrate 
can be stopped low, and the quality of an electron device can be improved. 

[Translation done.] 
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io. Wf6]*es (ry-nafi) 2t^f5^#S6c 

k 9Xv»43£ia 3 0 1 fev 7*7 X-?Z±f$. 

[0 08 5] «(6]«fi6 (ry-F«6S) 2tSi5 
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40 fttt(*y-FftS) lk*J|6l«ff (Ty-H«ffi) 2 
t«Cf$50mm, lti^l:*3. 0 [non dimensio 

n] omrnw 1 1 ( ,6i&<7y n y f-vx#.^ > a 
^i6]«fii (ry-H«®) 2 SrSJf (*y 

[0131] *njg<o^3-c«i. ftiaigfflgfflmfii 
(*y-H«s> i bttfawm (ry-H«S) 2t«o 

50 HfcaaWfffiLfcv X7Xv4^co^$ (X5 



3/2/2007, EAST Version: 2.1.0.14 




1 9 

X-?fg£203 0T'^X7XvcO£j£liJi]?&gU 0-1 
[0 132] LfctfoT. *HSfe<^ffi3<?)r5XvC 

msximmvatm? bJj&aKsen 1 h 

aW>S&**:*?- ft £ fc #T'£ ft . 
[0133] frtk ftffl%BiSffl«& (*V-KW) 

i t^fiajBffi (ry-H«ffi) 2t(7)raoi:ffirasra3 
i4§sfc*i 1 -est*: c:o«ffla^ia3 

£^4 0£t¥A1-ft<.£S{2 : 5r<. ttfflffi (7V-K 
) 2 f: RJES^#S 6 c t CDH W 9 X -?3S£SH] 
3 0 \iZWSLA 0 £ #A**itf X vOT* ft . 
[ 0 1 3 4 ] fcfc. ttlfflHi (Wft<^JB-CI4±*or 

■ctt, Si? wefflss ( * y - nms > 1 tc*t lth 

£**>£i:fcfUT. J»^6<?»fflfc:*tLT8Wttlsl 
l£:frLT*ffim«£ (ry-K«ffi) 2£E5£LTi>J: 

c o 1 3 5 3 m.<r>wRX'\i*$bmzmn=f-7 : 

X ftvStt«* { ffil£x y+yri-ZTyX-? x -y f- 

; t & . 

[0 136] 4fc, JdE*#dt*>JRn2<C£VvCi». H 
ffcOftftg 1 t'^fe##<0 J: 3 fc. JJ5rtfiatft«ffi 
2*WJHtt»j«4iR4t:«aL. T*ttaaWft«ffi 

[0137] $rfe. ±IEvvf ft^|?jft?)^ffitfc^T 

( mm<rmmx'\t±.-%<r>T ; - mm ) 2 1 <7>*t£ 

*f> P-WRi5M6rt{cffia-rftfll^S:fc-5Tt«J:V\ 

[01383 ±iev^tiolllt<D^«fc:fcv^T 

®ffl«ffi ( * y- mm ) 1 #rjs£6 ogffitfctisi 

mmmzh t&mztt ix t ossem t l-c t £> ft 

«*\ «/g«BSffli:fig (*y-nti) ifc*8twfc 
R«:{itcfeftafiA 5 SiDM6^®^7t«i«tfi«{aic$, 

[0 1 3 9 3 ±IE^-f<i^*SfeO}gSHfc^r 

^yt-^yxpgffl§gio{i, mmmimmm 
m (tv-mm) icommmm&commMzti^xm 



(11) ^^10-340858 

2 0 

iz&^xwmmz&m 1 %mzn\ l t h t c 

irT'&ft. 
[0 1403 

tog. Knw&zm? ft. 

[01413 M^iJfttiJi^l^cOljigKjg^jg&gc 
ft^T. RF^A^VHF^(C;b£ftJ£^Ji] 

wc. nm-+&tfimw±z % mini 

10 tBfcfcft. Uttfof, fRa^S^PWv-' 

U lHWt-e^<Pp«r6l±tS4-tfti:£ft* 5 A#V\ 
[ 0 1 4 2 3 (K&fm ■ Kax-yf-y^*ftTf 

Mtctfh, T7X~?*<M*>unzXki&bhwm 
WL<nw$i^bfyhryX-?yx-i;zfc<wthc\btf 

X'% . tff AM XCOfnUJ [6l±-tft £ fc * J T'# ft . 
20 [013 **»0S«ttfWI«B 1 1 <R ft * W ^ XlBt 

siat-ibft. 

[023 niiojgreior^xvcvDgM^fcttftiS 

jg^Bieffl«fli (*y-F«S) *»^>»l6lWi (7V- 

[03 3 *^OHJS^ffi2tC«ftmi 1 TA"-f ^KjS 
E0T'3bft. 

30 [04 3 *^^ll)5fi<OJB®3^ftm-?TAM^Kii 
B0T*ft. 

[053 ft^nmizmttTJU xm&$m*T7 
ft. 

1 mm&mmmmm (* y- h vs ) 

2 «r&)«ffi (ry-Fitfi) 

3 mssfasra 

40 4 WifflfcmjimLm 

5 mwimmmm? 

6 SfSM 

6 a-SJ5^ilg 
6 b---Rf5SJ£S 

7 Ir-isy? 

8 ^«AP 

9 

1 0 n>TV+rfrt>ts:h4 y^-yyxtmmn^ 

50 11 mmm^zcmftmm (rs-mm) 
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